prior CRF or resulting from parenchymal sequelae. Measurement of CarHb is valuable at clinical presenta-
St Quentin Fallavier, France) were used as both standard kinetics in patients with ARF and to evaluate its and internal standard. The solution was extracted with 5 ml practical usefulness for differentiating ARF from CRF of ethyl acetate, after vortexing for 1 min, and centrifuged in the uraemic patient.
at 3000 g for 15 min. Supernatant (4.5 ml ) was mixed with 2 ml of 1 M NaHCO 3 and centrifuged at 3000 g for 10 min. The solvent was evaporated to dryness under nitrogen stream.
Patients and methods
The residue was dissolved in 0.5 ml of mobile phase. The latter consisted of a mixture of purified water (Milli Q;
Patients
Millipore, St Quentin en Yvelines, France) containing 20 ml of HPLC grade acetonitrile (2%) and 1 ml of concentrated Forty-one patients were included in the study. They were acetate (pH 4). The injected volume sample was 20 ml, the gathered into two groups: 28 had ARF and 13 had CRF. pump speed was 0.45 ml/min and the detection wavelength The following criteria were selected for inclusion in the group 203 nm. Intra-and interassay variation coefficients were with ARF: (i) absence of previous proven CRF defined <5%. In addition, using the same procedure, the mean before the episode of ARF by clinical history and a baseline recovery of CV added to washed red blood cells was 99%. serum creatinine concentration <133 mmol/l (1.5 mg/dl ); (ii) Regular automated techniques were used to measure absence of blood transfusion before admission; (iii) a serum routinely haemoglobin, blood urea, serum creatinine and creatinine concentration >350 mmol/l (4.0 mg/dl ) at inclu-electrolytes. sion. In 25 patients, ARF was due to acute tubular necrosis Results are expressed as mean±standard error (m±SE). (ATN ) and in three to obstructive nephropathy. In all cases, Comparisons between groups were made using the precise timing of clinical events was taken in order to estimate Mann-Whitney U test. CarHb burden. ATN was related to infection in seven patients (two nosocomial Staphylococcus aureus septicaemia, three Gram-negative-related bacteraemia, one leptospirosis Results and one Hantaan virus infection). ARF was observed after myocardial infarction in five patients (infarction occurred Baseline characteristics of patients with ARF at after surgery in three cases). Drug induced renal injury was documented in four patients (one, methotrexate; one, cispla-admission to the intensive care ward or with CRF tin; one, radiocontrast medium; one, intravenous immuno-are shown in Table 1 ; they were significantly older globulins). The other proven causes of ARF were two than controls. Blood urea levels were 30.1±2.6 rhabdomyolysis, one lymphoma-associated hyperuricaemic (range 21. were not transfused. Patients with CRF were programmed urea concentration and duration of ARF or between for haemodialysis and carefully monitored. They were blood urea concentration and CarHb level ( Figure 1 ). included at initiation of iterative haemodialysis. CRF was In contrast, CarHb level was closely correlated to the due to nephroangiosclerosis in four patients, glomerulo-duration of ARF before admission (Figure 2 ). On the nephritis in three, diabetes nephropathy in two and reno-day of admission, serum creatinine was correlated with vascular disease with hypertension in one. Return to normal value was observed 35.6±4.7 days after patients entered the medical ward. Despite a near Clinical biochemistry Table 1 . Baseline characteristics of patients with ARF or with CRF as compared with healthy controls Blood samples were taken from all the patients on admission and thereafter until recovery, which was defined by a serum creatinine concentration <200 mmol/l (2.26 mg/dl ). CarHb normal renal function as defined by mean blood urea normalization of blood urea concentration. concentration of 10.0±1.0 mmol/l and mean serum creatinine of 138±11 mmol/l, CarHb remained significantly higher than normal at 69.6±6.1 mg CV/g Hb. In 13 of these ARF patients, blood urea and CarHb seen in two representative patients with ARF, as shown in Figure 5 . One of the patients had sustained ARF were measured 68±16 days later, after recovery of a near normal renal function (Figure 4) . CarHb concen-due to acute tubulo interstitial nephritis and their serum creatinine level returned to 164 mmol/l, 67 days tration decreased at a rate of 0.219 mg CV/g Hb per day, whereas mean haemoglobin level increased from after the apparent onset of ARF; CarHb and blood urea decreased in parallel. The other patient had ARF 102±5 g/l to 118±5 g/l.
Changes in CarHb concentration varied during the due to sepsis; his serum creatinine concentration returned to 96 mmol/l after 42 days. However, CarHb time-course but did not parallel those of blood urea remained elevated but blood urea returned to a normal level.
CarHb burden was higher in the subgroup of patients requiring dialysis, as documented by a significantly higher CarHb value at recovery of renal function ( Table 2 ). Duration of ARF was similar in haemodialysed patients and non-dialysed patients (46.2±5.8 vs 40.5±8.4 days). Haemodialysed patients were characterized by an impressive body weight loss (8.6±1.4 vs 2.7±0.5 kg) and a higher than average blood urea level in the 20 days prior to recovery (17.6±1.9 vs 11.3±1.8 mmol/l ), which indicated a higher protein catabolic rate.
A significant positive correlation was documented between blood urea level and CarHb at recovery ( Table 3) . This relationship persisted after exclusion of patients who received more than two blood units (r2=0.377, P=0.002) or after exclusion of all tranfused patients (r2=0.225, P=0.055). A better correlation CarHb was also significantly correlated with plasma creatinine at recovery (r2=0.32, P=0.001).
In patients with CRF at the start of dialysis, mean blood urea concentration was 41.2±2.3 mmol/l and CarHb level 129.0±8.1 mg CV/g Hb. This latter value was significantly higher than in patients with ARF, in spite of a similar high blood urea concentration ( Table 4) . To assess the clinical usefulness of CarHb measurement for differentiating ARF from CRF, we observed in these patients since a significantly higher body weight loss was documented during the acute calculated the sensitivity, specificity and positive pre-phase of the disease. Metabolic acidosis is a frequent dictive value of CarHb concentration at various cut-finding in ARF and may by itself contribute to protein off values in both groups of haemodialysed patients. catabolism. Acidosis was not correlated with the carba-A cut-off value of 100 mg CV/g Hb resulted in sensitiv-mylation process, but in most of the patients, acidosis ity of 94%, specificity of 92% and a positive predictive was partially corrected by buffer administration at the value of 94% for differentiating ARF from CRF. With time of CarHb measurement. The pH dependence of a lower cut-off of 80 mg CV/g Hb, sensitivity decreased carbamylation of both a and b subunits has been to 83% while specificity and the positive predictive demonstrated in vitro [19] . Increasing pH shifts the value remained unchanged. equilibrium CNO−+H+=HCNO to the left resulting in reduced cyanic acid concentration. In CRF, metabolic acidosis has been identified as a weak but inde-
Discussion
pendent factor of carbamylation in multiple regression analysis [13] . Another factor of CarHb generation is the amount High CarHb levels are always documented in patients with uraemia whether they have an acute or a chronic of substrate reactive to cyanate. In vitro, a linear relationship has been documented which then reaches syndrome [12, 13] . Because carbamylation is a nonenzymatic reaction, the resulting level of carbamylated a plateau, reflecting a saturable process [13] . In vivo, it seems probable that saturation of reactive sites is proteins, i.e. haemoglobin, is expected to be closely related to blood urea level. In the group of patients quickly reached. It has been documented that haemoglobin, at least in CRF, is also modified by several with ARF, correlation between these two parameters was weak at admission pointing out the role of length chemical reactions that may compete for the same substrates. Advanced glycation end products (AGE ) of exposure to high urea levels in CarHb generation. The higher the duration of exposure of reactive proteins are formed during non-enzymatic glycation and oxydation reactions in normoglycaemic uraemic patients to high urea concentration, the higher the amount of CarHb obtained. This relationship was documented by (20). In such reactions (carbonyl stress), carbonyl compounds derived from autoxydation of carbohydthe significant correlation obtained between the first CarHb concentration and the apparent duration of rates and lipids are reacting with protein amino groups.
Furthermore, oxidants may react with amino acid ARF (Figure 2 ). The weak correlation between CarHb and blood urea concentration observed might be due residues such as tyrosine, leading to the formation of protein cross-linking products, which are now desigto the obviously different turnover of the two molecules. This result was at variance with those of Stim nated as advanced oxidation protein products (AOPP); this latter reaction has been well described with albuet al. [13] In order to avoid a mixed population of reactive blood cells we considered the 10 patients who were ence of time was not emphasized in this study as it is in ours. In prerenal failure, Frazao et al. [15] found transfused during the first days of hospitalization.
Their exclusion from the study did not change the that a significant elevation of CarHb concentration (defined as being >2 SD above the mean) may be significance of the results of the whole group of patients with ARF. Therefore we can assume that the carbamylobserved after 4 days of transient renal failure. Balion et al. [16 ] failed to document any clear relationship ation process also modified transfused red blood cells.
The clearance of CarHb was 0.219 mg CV/g Hb per between CarHb or short-life carbamylated plasma protein concentration and predialysis urea level in a 6 day, once the plasma urea level was <10 mmol/l, indicating that normalization of CarHb takes some month longitudinal study of seven stable, thrice weekly haemodialysed patients.
180 days. This result suggests that the life span of red blood cells containing CarHb is similar to that of Increased protein catabolism is a hallmark of ARF. It is governed by the severity of the underlying disease normal red blood cells. This result might be confirmed, ligands and carbamylation of albumin. Eur J Clin Pharmacol since the slope of the regression curve was lower than 1992; 43: 491-499 expected due to the fact that blood urea concentration 7. Flü ckiger R, Harmon W, Meier W, Loo S, Gabbay KH. remained higher than normal, even in the follow-up 
